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而言具有干细胞特性。和 MCE 细胞相比，TKE2 细胞具有较强的抗氧化应激特
性；其作用机制是抑制 ROS 氧化产物的生成，下调 ROS 重要生成酶 NOX4 的表





















Purpose: Reactive oxygen species (ROS) is a molecular of high activity produced in 
human body. It can regulate metabolism, gene transcription and phosphatase activity 
at low concentrations, while cause oxidative damage at higher concentrations. 
Nowadays, the stem cell propertities has increasingly aroused the public concern, but 
there are still few papers published about the the reponse and changes of related cell 
enzymes’ activity under the oxidative stress. Our present research focuses on the 
different roles and underlying machenism of ROS generation enzyme NADPH 
oxidase 4 (NOX4) and antioxidant nuclear factor (erythroid-derived 2)-like 2 (NRF2) 
of murine corneal epithelial progenitor cells (TKE2) and mature murine corneal 
epithelial cells (MCE) under oxidative stress conditions. 
Methods: Murine corneal epithelial progenitor cells (TKE2) and mature murine 
corneal epithelial cells (MCE) are used to establish the oxidative stress model induced 
by hydrogen peroxide(H2O2). Firstly we identified and compared these two cells 
unsing stem cell associated markers by quantitative RT-PCR, immunofluorescence 
staining, western blot and mRNA microarray. Then the cell viability of these two cells 
was detected by cell counting kit-8 assays. Afterwards, the intracellular ROS levels of 
these two cells were detected by ﬂuorescent DCF assay using flow cytometry, and the 
expression level of endogenous ROS bio-markers 3-nitrotyrosine (3-NT) was also 
examined by immunofluorescence stanning and western blot. Further, the activity of 
ROS scvenger: the superoxide dismutases (SOD) assay kits were assessed. For the 
mechanism study, we detected the expression level of ROS generation enzyme 
NADPH oxidase 4 (NOX4), dual specificity phosphatase 6 (DUSP6) and nuclear 
factor (erythroid-derived2)-like 2 (NRF2) of TKE2 and MCE cells under 0.1mM and 
0.25mM H2O2 and normal conditions with quantitative RT-PCR, immunofluorescence 
stanning and western blot. Furthermore, we applied the siRNA transfection techniques 
and pharmacological agonist to prove the alterations of intracellular ROS key factors. 
Results: The identification results showed that TKE2 cells had stronger expressions 
of ATP-Binding Cassette Transporter G2 (ABCG2) and N-cadherin, which are the 
associated markers of adult stem cells, instead of PAX6 that is an indicator associated 
with cell differentiation than those of MCE cells. It was demonstrated that the cell 















of H2O2, but the cell viability of MCE was significantly decreased in concentration- 
dependent manner. Meanwhile, H2O2 induced reductions of ROS production in TKE2 
but increases in MCE. The expression level of 3-NT was also suppressed in TKE2 
cells, but increased in MCE cells. In addition, the activity of SOD was significantly 
increased in TKE2, but reduced in MCE. In the underlying mechanism study, TKE2 
inhibited ROS generation enzyme NADPH oxidase 4 (NOX4) and increased dual 
specificity phosphatase 6 (DUSP6) which was a related factor of NOX4, and even 
activated nuclear factor (erythroid-derived 2)-like 2 (NRF2). Moreover, NOX4 
agonist TPA increased the expression of NOX4 in TKE2 cells. However, it was 
demonstrated by NOX4 siRNA that MCE promoted the expression of NOX4, 
supressed DUSP6 and NRF2. 
Conclusions: The results revealed that murine corneal epithelial progenitor cells 
(TKE2) had a stronger antioxidant property. The underlying mechanism was through 
inhibitions of the generation of ROS via supressing the key ROS generation enzyme  
NOX4, activation of antioxidant response, and increases of ROS scavenger SOD. Our 
novel evidence suggests that TKE2 has a different homeostasis and strong antioxidant 
properties, providing new ideas and directions of treatment of clinical deseases or 
other applications using corneal stem/progenitor cells. 
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1.1.2.1.1 DNA 的氧化产物 
DNA 的氧化损伤主要由羟自由基(•OH)引发：它能够攻击脱氧核糖，分解五































是一种含氧的 αβ 不饱和醛，主要来源于细胞中 ω-6PUFAs（亚油酸、亚麻酸以
及花生四烯酸等）的脂质氧化过程。4-HNE 是一个具有亲水性和亲脂性的两性
分子，且在机体的细胞、组织中分布广泛。此外，在食用和储存富含 ω-6PUFAs
的食物时，也可能有微量的 4-HNE 产生[22, 23]。因此，在科学研究中，4-HNE 现
已被广泛用为脂质过氧化的生物标记物，并在体外细胞实验中被用来诱导氧化应
激或自噬过程的发生[23, 24]，如在眼表用 4-HNE 造模诱导氧化应激，在体外细胞
实验和体内动物实验中，检测相关角膜上皮的损伤现象并研究相对应的临床药物
治疗[25]，已取得初步成效。 
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